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(54) [Title of the Invention] IMMERSION EXPOSURE APPARATUS 

r 

(57) [Abstract] 

[Problem] To provide an immersion exposure apparatus that 
does not cause the degradation of its image forming 
performance . 

[Solution] An immersion exposure apparatus has a projection 
optical system PL for exposure-transferring of a pattern Pa, 
on a reticle R, onto a wafer W. In the immersion exposure 
apparatus, at least part of working distance L between the 
wafer and the lens surface Pe closest to the wafer in the 
projection optical system is filled with a liquid LQ 
through which exposure light IL passes. The immersion 
exposure apparatus is so constructed that the working 
distance will meet the following relation: L<A7 (0 . 3x | N | ) , 
where L is the length of the working distance, X is the 
wavelength of the exposure light IL, and N (1/°C) is the 
temperature coefficient of the refractive index of the 
liquid LQ. In addition, pure water with an additive added 
in it to reduce the surface tension of the pure water or 
enhance the interface activity of the pure water is used as 
the liquid LQ. 
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[Claims] 

[Claim 1] An immersion exposure apparatus, which has a 
projection optical system for exposure transferring of a 
pattern on a reticle, onto a wafer, and in which at least 
part of working distance between the wafer and the lens 
surface closest to the wafer in the projection optical 
system is filled with a liquid through which exposure light 
passes, the immersion exposure apparatus characterized in 
that the working distance will meet the following relation: 
L<A7(0.3x|n| ) , 

where L is the length of the working distance, X is the 
wavelength of the exposure light IL, and N (1/°C) is the 
temperature coefficient of the refractive index of the 
liquid LQ. 

[Claim 2] An immersion exposure apparatus, which has a 
projection optical system for exposure-transferring of a 
pattern, written on a reticle, onto a wafer, and in which 
at least part of working distance between the wafer and the 
lens surface closest to the wafer in the projection optical 
system is filled with a liquid through which exposure light 
passes, the immersion exposure apparatus characterized in 
that pure water with an additive added in it to reduce the 
surface tension of the pure water or enhance the interface 
activity of the pure water is used as the liquid. 
[Claim 3] The immersion exposure apparatus according to 
claim 1 or 2, wherein the length L of the working distance 
is 2 mm or less. 
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[Claim 4] The immersion exposure apparatus according to 
claim 1, 2, or 3, wherein the reticle and the wafer are so 
arranged that they can be scanned synchronously at a 
constant speed with a speed ratio corresponding to the 
magnification of the projection optical system. 

[Claim 5] The immersion exposure apparatus according to 
claim 1, 2, 3, or 4, wherein light in the ultraviolet band 
is used as the exposure light. 

[Claim 6] The immersion exposure apparatus according to 
claim 1, 2, 3, 4 or 5, wherein the optical surface of the 
front optical element closest to the wafer side in the 
projection optical system is formed flat, the lower end 
face of a lens barrel holding the front optical element is 
formed flush with the optical surface, and the outer 
circumferential face at the lower end of the lens barrel is 
chamfered. 

[Claim 7] The immersion exposure apparatus according to 
claim 6, wherein the front optical element is a parallel 
flat plate. 

[Claim 8] The immersion exposure apparatus according to any 
one of claims 1 through 7, wherein the wafer is held by a 
holder table, a wall is provided around the perimeter of 
the upper face of the holder table so that the liquid can 
be filled in the working distance, a liquid supply unit is 
provided inside the holder table so that the liquid can be 
supplied and recovered, and thermoregulators are provided 
in both the holder table and the liquid supply unit. 
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[Claim 9] The immersion exposure apparatus according to any 
one of claims 1 through 7, wherein the wafer is held by a 
wafer chuck, a wall is provided around the perimeter of the 
upper face of the wafer chuck so that the liquid can be 
filled in the working distance, at least three pins are 
provided through the wafer chuck, and an elevation driving 
device is provided to enable the pins to lift up the wafer 
from the wafer chuck. 

[Claim 10] The immersion exposure apparatus according to 
any one of claims 1 through 7, wherein the wafer is held by 
a wafer chuck, a wall is provided around the perimeter of 
the upper face of the wafer chuck so that the liquid can be 
filled in the working distance, at least three pins are 
provided through the wafer chuck, and an elevation driving 
device is so provided that the upper end of the wall of the 
wafer chuck can be lower than the lower end of the 
projection optical system. 

[Claim 11] The immersion exposure apparatus according to 
any one of claims 1 through 10, wherein a liquid sealing 
door is provided in a portion of the wall to freely open or 
close in order to avoid interference with the lower end 
part of the projection optical system. 

[Claim 12] The immersion exposure apparatus according to 
any one of claims 1 through 11, wherein a mirror for an 
interferometer is attached to the side face of the 
projection optical system, and protection means is provided 
for separating a light beam incident on and reflected from 
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the mirror from vapor generated from the liquid. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to 
an exposure apparatus for printing a pattern on a reticle, 
onto a wafer through a projection optical system, and 
particularly to an immersion exposure apparatus. 
[0002] 

[Description of the Prior Art] Clearance between the last 
or front lens surface of an optical system and an image 
surface is called working distance. The working distance of 
a projection optical system in the conventional exposure 
apparatus or exposure apparatus is filled with air. It is 
common practice to take a working distance of 10mm or more 
for some reason such as to include an autofocus optical 
system. On the other hand, with ever increasing demand for 
finer patterns to be transferred to a wafer, it is 
necessary to make the exposure wavelength shorter or 
increase the numerical aperture. However, since there are 
restrictions on the types of glass materials that allow 
light having a short wavelength to pass through, immersion 
type exposure apparatus have been proposed in which the 
working distance is filled with a liquid to increase the 
numerical aperture and hence make the exposed pattern finer. 
[0003] The immersion type exposure apparatus could cause an 
uneven distribution of refractive indexes due to a 
temperature distribution of the liquid interposed in the 



working distance. Therefore, the following techniques have 
been proposed as measures against the degradation of image 
forming performance caused by liquid temperature changes: 
namely, (A) a technique for stabilizing temperature through 
a liquid temperature stabilizing mechanism as disclosed in 
FIG. 3 of US Patent No. 4, 346,164, or for making temperature 
uniform using a vibration-agitator mechanism as disclosed 
in Japanese Patent Laid-Open No. 06-124873; and (B) a 
technique, as also disclosed in Japanese Patent Laid-Open 
No. 6-124873, for measuring the temperature or refractive 
index of the liquid using a liquid temperature monitoring 
mechanism to feed it back for temperature control. 
[0004] 

[Problem to be Solved by the Invention] However, since 
there has been no discussion regarding the degree of 
temperature stabilization from a practical perspective to 
implement the technique (A) , this technique actually 
requires high accuracy of temperature control, as will be 
described below, which is far from practical. On the other 
hand, it is also hard to say that the technique (B) is 
effective because what most affects the image forming 
performance is the unevenness of temperature. Thus, no 
conventional techniques for immersion exposure apparatus 
make direct reference to the restrictions on the optical 
parameters of the projection optical system such as the 
working distance, and the immersion technology hardly 
allows for its peculiarities, at present. It is therefore an 
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object of the present invention to provide an immersion 
exposure apparatus, which makes it easy to control the 
temperature of a liquid filled in the working distance to 
prevent the degradation of image forming performance. 
[0005] 

[Means for Solving the Problem] The present invention has 
been made to solve the above-mentioned problem, that is, to 
provide an immersion exposure apparatus, which has a 
projection optical system for exposure-transferring of a 
pattern on a reticle, onto a wafer, and in which at least 
part of working distance between the wafer and the lens 
surface closest to the wafer in the projection optical 
system is filled with a liquid through which exposure light 
passes, the immersion exposure apparatus characterized in 
that the working distance meets the following relation: 
L<X/(0.3x|n| ) 

where L is the length of the working distance, X is the 
wavelength of the exposure light, and N (1/°C) is the 
temperature coefficient of the refractive index of the 
liquid. The immersion exposure apparatus is also 
characterized in that the liquid used is pure water with an 
additive added in it to reduce the surface tension of the 
pure water or enhance the interface activity of the pure 
water. 

[0006] The following describes the operation of the present 
invention. If the distance from the glass surface at the 
tip end of the projection optical system to an imaging 
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plane, that is, if the working distance is L, the width of 
a temperature distribution of the medium filled in the 
working distance L is AT, the aberration of the imaging 
wavefront caused by the temperature distribution AT is AF, 
and the temperature coefficient of the refractive index of 
the liquid is N, the following expression (1) is 
approximately established : 
AF=Lx|n|xAT ...(1) 

[0007] It is assumed that a temperature distribution of 
about 0.01°C exists in the temperature distribution AT of 
the medium even though temperature is controlled by all 
means in order to keep it uniform. Therefore, at least the 
following imaging wavefront aberration AF is considered to 
exist : 

AF=Lx|n|x0.01°C ...(la) 

where N is a value representing the temperature coefficient 
of the refractive index in a unit of 1/°C. 

[0008] The value N of the temperature coefficient of the 
refractive index varies greatly between liquid and air. For 
example, for air, N=-9xlO~ 7 /°C, and for water, N-8xlO~ 5 /°C, 
that is, the difference is almost 100 times. In general, 
the working distance L of a projection optical system in a 
reduction projection exposure apparatus is L>10 nm. Even if 
L=10 nm, the imaging wavefront aberration AF becomes as 
follows : 

For air, AF=10mmx | -9xlO" 7 /°C | x0 . 01/°C=0 . 09 nm 
For water, AF=10mmx | -8xlO~ 5 /°C | x0 . 01/°C=8 . 0 nm 
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[0009] Therefore, it is preferable that the imaging 
wavefront aberration AF be generally equal to or less than 
1/30 of the exposure wavelength X, that is, it should meet 
the following relation: 
AF<a/30 ...(2) 

For example, when an ArF excimer laser having a wavelength 
of 193 nm is used as the exposure light, AF<6.4 nm is 
desirable. In the case of using water as the medium filled 
in the working distance, if the working distance L is L>10 
mm as in the conventional, the generation of imaging 
wavefront aberration due to the temperature distribution of 
the medium is too much, resulting in practical dif f iculties . 
[0010] From the expressions (la) and (2), the following 
expression is obtained: 
L<A7(0.3x|n| ) ...(3) 

Therefore, if the expression (3) is satisfied, an immersion 
exposure apparatus equipped with a projection optical 
system that reduces the wavefront aberration caused by the 
temperature distribution in the immersion liquid to 1/30 or 
less of the exposure wavelength under the conditions of 
feasible temperature stability (temperature distribution) 
can be obtained. As described above, according to the 
present invention, an upper limit is set on the length of 
an optical path to mitigate the requirements for a 
temperature distribution by paying attention to the fact 
that the amount of wavefront aberration generated when the 
exposure light passes through the medium having the 



- 9 _ 



temperature distribution depends on the product of the 
amount of temperature distribution and the length of the 
optical path in the medium. This makes it possible to put 
an immersion exposure apparatus to practical use at a 
feasible level of temperature control of the immersion 
liquid. 
[0011] 

[Embodiments of the Invention] The following describes some 
preferred embodiments of the present invention. 
[0012] 

[Description of First Embodiment] FIG. 1 shows the overall 
structure of a projection exposure apparatus or exposure 
apparatus, according to a first embodiment of the present 
invention. Here, the projection exposure apparatus is a 
lens-scanning type projection exposure apparatus, which 
scans a reticle R and a semiconductor wafer W relative to a 
reduction projection lens system PL while projecting a 
circuit pattern on the reticle R to the wafer W through the 
projection lens system PL having circular image fields 
telecentrically formed on both the object side and the 
image side. In FIG. 1, an illumination system 10 includes 
an ArF excimer-laser light source (not shown) emitting 
pulsed light having a wavelength of 193 nm, a beam expander 
(not shown) for shaping the cross section of the pulsed 
light from the light source, an optical integrator (not 
shown) such as a fly-eye lens for producing a secondary 
light-source image (a collection of plural point sources) 
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from the shaped pulsed light incident on it, a condenser 
lens system (not shown) for turning the pulsed light from 
the secondary light-source image into pulsed illumination 
light having a uniform luminance distribution, a reticle 
blind (illumination field stop, not shown) for shaping the 
pulsed illumination light into a rectangular shape 
elongated in a direction (X direction) perpendicular to the 
scanning direction (Y direction) during scanning exposure, 
and a relay optical system (not shown) that cooperates with 
a condenser lens system 12 and a mirror 14 shown in FIG. 1 
to focus the pulsed light IL from the rectangular opening 
of the reticle blind on an illuminated area AI of a slit or 
rectangular shape on the reticle R. 

[0013] The reticle R is held by vacuum suction (otherwise, 
by electrostatic suction or mechanical-fastening) on a 
reticle stage 16 capable of moving with a large stroke in a 
one-dimensional direction at a constant speed during 
scanning exposure. In FIG. 1, the reticle stage 16 is 
guided to move from side to side (in the Y direction in FIG. 
1) on a column structure 19 of the apparatus body, while it 
is also guided to move in a direction (X direction) 
perpendicular to the paper surface of FIG. 1. The 
coordinate position and minute amount of rotation of the 
reticle stage 16 on the XY plane are measured sequentially 
by a laser interferometer system 17 projecting a laser beam 
to a moving mirror (plane mirror or corner mirror) MRr 
attached to a portion of the reticle stage 16 and receiving 
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a reflected beam from the moving mirror MRr. Then, a 
reticle stage controller 20 controls a motor 18, such as a 
linear motor or voice coil motor, for driving the reticle 
stage 16 based on the XY coordinate position measured by 
the interferometer system 17 to control the movement of the 
reticle stage 16 in both the scanning and non-scanning 
directions. 

[0014] When part of the circuit pattern area on the reticle 
R is illuminated by the rectangular-shaped pulsed 
illumination light IL projected through the condenser lens 
system 12 and the mirror 14, an imaging beam from the 
pattern in the illuminated area AI is projected and focused 
on a photosensitive resist layer coated on the surface of 
the wafer W through the reduction projection lens system PL 
with a reduction ratio of 1/4. The projection lens system 
PL is so arranged that its optical axis AX passes through 
the central points of the circular image fields and is 
concentric with the optical axes of the illumination system 
10 and the condenser lens system 12, respectively. The 
projection lens system PL consists of a plurality of lens 
elements made of two types of glass materials, quartz and 
fluorite, having high transmittance with respect to ultra- 
violet light having a wavelength of 193 nm. Fluorite is 
used primarily to form lens elements having positive power. 
Further, the air in a lens barrel in which the plurality of 
lens elements of the projection lens system PL are retained 
is replaced with nitrogen gas to avoid the absorption by 
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oxygen of the pulsed illumination light having the 
wavelength of 193nm. The nitrogen-gas replacement is also 
provided for the optical path from the inside of the 
illumination system 10 up to the condenser lens system 12 
(or the mirror 14) in the same manner. 

[0015] The wafer W is held on a holder table WH that draws 
the back side of the wafer W by suction. A wall LB is 
provided at a constant height around the entire perimeter 
of the holder table WH, and the liquid LQ is filled inside 
the wall LB up to a predetermined depth. The wafer W is 
held by vacuum suction in a depressed portion on the inner 
bottom of the holder table WH. Further, an annular 
auxiliary plate HRS is provided around the inner bottom of 
the holder table WH to surround the perimeter of the wafer 
W with a predetermined clearance width. The height of the 
surface of the auxiliary plate HRS is defined to be 
approximately equal to the height of the surface of a 
standard type of wafer W drawn by suction on the holder 
table WH. 

[0016] The auxiliary plate HRS is primarily used as an 
alternative focus detection surface when the detection 
point of a focus-leveling sensor is located on the outside 
of the outer edge of the wafer W. The auxiliary plate HRS 
can also be used for calibration of an alignment sensor 
used for relative alignment between a shot area on the 
wafer W and the circuit pattern on the reticle R, and for 
calibration of the focus-leveling sensor used when the shot 
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area is scanned and exposed. However, it is preferable to 
use a dedicated fiducial mark plate provided separately 
from the auxiliary plate HRS . In this case, the fiducial 
mark plate is also mounted on the holder table WH in an 
immersed state to have substantially the same height as the 
image projection surface of the projection lens system PL, 
so that the alignment sensor detects various fiducial marks 
formed on the fiducial mark plate in the immersed state. An 
example of methods for calibration of system offsets of the 
focus sensor using the fiducial mark plate on the table is 
disclosed, for example, in US Patent No. 4,650,983, and an 
example of calibration methods for various alignment 
sensors is disclosed, for example, in US Patent No. 
5, 243, 195. 

[0017] In the embodiment, as shown in FIG. 1, since the tip 
end of the projection lens system PL is immersed in the 
liquid LQ, the projection lens system PL is designed to 
render at least its tip end waterproof in order to prevent 
the liquid from leaking into the lens barrel. The lower 
face (opposite face to the wafer W) of the front lens 
element of the projection lens system PL is machined in the 
shape of a flat surface or a convex surface having an 
extremely large curvature radius so that the liquid can 
flow smoothly between the lower face of the lens element 
and the surface of the wafer W during scanning exposure. 
Further, in the embodiment, the projection lens system PL 
is designed, as will be described in detail later, to form 
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its best imaging plane (reticle conjugate plane) in the 
immersed state at a position about 2-1 mm from the lower 
face of the front lens element. Therefore, the thickness of 
the liquid layer formed between the lower face of the front 
lens element and the surface of the wafer W is also about 
2-1 mm, so that not only can the accuracy of temperature 
control to adjust the temperature of the liquid LQ be 
relaxed, but an uneven temperature distribution in the 
liquid layer can also be prevented. 

[0018] The holder table WH is mounted on an XY stage 34 in 
such a manner to enable translational movements (including 
rough and fine movements in the embodiment) in the Z 
direction along the optical axis AX of the projection lens 
PL and fine tilt movements with respect to the XY plane 
perpendicular to the optical axis AX. The XY stage 34 moves 
two-dimensionally in the X and Y directions on a base 30. 
The holder table WH is mounted on the XY stage 34 through 
three Z-actuators 32A, 32B, and 32C. Each of the actuators 
32A-C is a mechanism consisting, for example, of a 
combination of a piezoelastic element, a voice coil motor, 
a DC motor, and a lift cam. When the three Z-actuators are 
driven in the Z direction by the same amount, the holder 
table WH can be translated in parallel in the Z direction 

(focus direction) , while when the three Z-actuators is 
driven in the Z direction by amounts different from one 
another, the tilt direction and amount of the holder table 
WH can be adjusted. 
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[0019] The two-dimensional movement of the XY stage 34 is 
caused by a drive motor 36, such as a DC motor for rotating 
a feed screw or a linear motor for generating thrust in a 
non-contact manner. The drive motor 36 is controlled by a 
wafer stage controller 35 receiving measured coordinate 
positions from a laser interferometer 33 for measuring each 
of X- and Y-positional changes of the reflection surface of 
a moving mirror MRw fixed to an edge portion of the holder 
table WH. The overall structure of the XY stage 34 using a 
linear motor as the drive motor 36 is disclosed, for 
example, in Japanese Patent Laid-Open No. 8-233964. 

[0020] In the embodiment, since the working distance of the 
projection lens PL is so small that the liquid LQ will be 
filled in a narrow space of about 2-1 mm between the front 
lens element of the projection lens PL and the wafer W, it 
is difficult for an obliquely-incident type focus sensor to 
project a projection beam of light obliquely from above 
onto the wafer surface corresponding to the projection 
field of the projection lens system PL. Therefore, in the 
embodiment, a focus alignment sensor FAD, including an off- 
axis type focus leveling detection system (having no focus 
detection point within the projection field of the 
projection lens system PL) and a mark detection system for 
detecting alignment marks on the wafer W in an off-axis 
manner, is arranged as shown in FIG. 1 around the lower end 
part of the lens barrel of the projection lens system PL. 
[0021] The lower face of an optical element (lens, glass 
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plate, prism, etc.) attached to the tip of the focus 
alignment sensor FAD is placed in the liquid LQ, and an 
alignment illumination beam and a focus detection beam are 
emitted from the optical element to illuminate the surface 
of the wafer W (or the auxiliary plate HRS) through the 
liquid LQ. The focus leveling detection system outputs a 
focus signal Sf corresponding to an error in the position 
of the surface of the wafer W relative to the best imaging 
plane. The mark detection system analyzes a photoelectric 
signal corresponding to the optical characteristics of each 
mark on the wafer W to output an alignment signal Sa 
representing the XY position of the mark or the amount of 
displacement from the position. 

[0022] The focus signal Sf and the alignment signal Sa are 
sent to a main controller 40. Based on the focus signal Sf, 
the main controller 40 sends the wafer stage controller 35 
driving information best suited to each of the three Z- 
actuators 32A, B, C. The wafer stage controller 35 controls 
each of the three Z-actuators 32A, B, C to make focus and 
tilt adjustments to an actually projected area on the wafer 
W. 

[0023] The main controller 40 also manages the coordinate 
position of the XY stage 34 based on the alignment signal 
Sa to align the relative position of the reticle R and the 
wafer W. Further, when each shot area on the wafer W is 
scanned and exposed, the main controller 40 performs 
synchronous control of the reticle stage controller 20 and 
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wafer stage controller 35 so that the reticle R and the 
wafer W will move in the Y direction at a constant speed 
with a speed ratio corresponding to the projection 
magnification of the projection lens system PL. 
[0024] Note that, although the focus alignment sensor FAD 
is provided in FIG. 1 in one location around the tip end of 
the projection lens system PL, it is preferable that four 
focus alignment sensors FAD be provided, two in the Y 
direction and two in the X direction, across the tip end of 
the projection lens system PL. In addition, a TTR (Through- 
The-Reticle) type alignment sensor 45 is provided above the 
reticle R in FIG. 1 to detect alignment marks formed at the 
periphery of the reticle R and alignment marks on the wafer 
W (or fiducial marks on the fiducial mark plate) 
simultaneously through the projection lens system PL and 
hence to measure the displacement between the reticle R and 
the wafer W with a high degree of precision. A measured 
displacement signal is then sent from the TTR alignment 
sensor 45 to the main controller 40 for use in positioning 
the reticle stage 16 and the XY stage 34. 

[0025] The exposure apparatus in FIG. 1 performs scanning 
exposure while moving the XY stage 34 in the Y direction at 
a constant speed. The following describes the schedule of 
scan and step movements of the reticle R and the wafer W 
during the scanning exposure with reference to FIG. 2. In 
FIG. 2, a front lens group system LGa and a rear lens group 
system LGb are representative of the projection lens system 
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PL in FIG. 1, and a projection pupil Ep of the projection 
lens system PL exists between the front lens group system 
LGa and the rear lens group system LGb. On the reticle R 
shown in FIG. 2, a circuit pattern area Pa having a 
diagonal length longer than the diameter of the circular 
image field on the object side of the projection lens 
system PL is formed on the inside of a light-shielding zone 
SB. 

[0026] The area Pa on the reticle R is scanned and exposed 
to a corresponding shot area SAa on the wafer W by scan- 
moving the reticle R, for example, in a negative direction 
along the Y axis at a constant speed Vr while scan-moving 
the wafer W in a positive direction along the Y axis at a 
constant speed Vw. In this case, as shown in FIG. 2, the 
area AI of the pulsed illumination light IL illuminating 
the reticle R is formed in the shape of a slit or rectangle 
elongated in parallel with the X direction in the area Pa, 
with both ends in the X direction located on the light- 
shielding zone SB. 

[0027] A part of the pattern included in the pulsed light 
illuminated area AI inside the area Pa on the reticle R is 
formed as an image SI in a corresponding position inside 
the shot area SAa on the wafer W through the projection 
lens system PL (the lens systems LGa, LGb) . After 
completion of relative scanning of the pattern area Pa on 
the reticle R and the shot area SAa on the wafer W, the 
wafer W is step-moved by a given amount in the Y direction 
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so that it will come to a scanning start position, for 
example, to a shot area SAb next to the shot area SAa. 
During this step-movement, the emission of the pulsed 
illumination light IL is interrupted. Then, the reticle R 
is moved in the positive direction along the Y axis with 
respect to the pulsed light illuminated area AI at the 
constant speed Vr so that the pattern image in the area Pa 
on the reticle R will be scanned and exposed to the 
corresponding shot area SAb on the wafer W while moving the 
wafer W in the negative direction along the Y axis with 
respect to the projected image SI at the constant speed Vw, 
thereby forming an electronic circuit pattern image on the 
shot area SAb. An example of techniques using pulsed light 
from an excimer-laser light source for scanning exposure is 
disclosed, for example, in US Patent No. 4,924,257. 
[0028] In the projection exposure apparatus shown in FIGS. 
1 and 2, when the diagonal length of the circuit pattern 
area on the reticle R is smaller than the diameter of the 
circular image field of the projection lens system PL, the 
opening shape or size of the reticle blind in the 
illumination system 10 can be so changed that the shape of 
the illuminated area AI will coincide with that of the 
circuit pattern area, enabling the use of the apparatus of 
FIG. 1 as a step-and-repeat stepper. In this case, the 
reticle stage 16 and the XY stage 34 stay still relative to 
each other during exposure of the shot area on the wafer W. 
However, if the wafer W moves slightly during the exposure, 
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the slight movement can be measured by the laser 
interferometer system 33. The reticle stage 16 is 
controlled and moved slightly in order to perform a 
tracking correction on the reticle R side so that the 
slight displacement of the wafer W with respect to the 
projection lens system PL is compensated. Further, when the 
shape or size of the reticle blind is changed, a zoom lens 
system may be so provided that the pulsed light coming from 
the light source and reaching the reticle blind will 
converge on a region corresponding to the adjusted opening 
size in response to the change in the shape or size of the 
reticle blind. 

[0029] As apparent from FIG. 2, since the area of the 
projected image SI is assumed to have a slit or rectangular 
shape elongated in the X direction, the embodiment is 
configured to make the tilt adjustment during scanning 
exposure exclusively in a rotational direction around the Y 
axis, that is, only the rolling direction with respect to 
the direction of scanning exposure. Of course, if the width 
of the area of the projected image SI in the scanning 
direction is large enough to require consideration of the 
flatness of the wafer surface in the scanning direction, 
the tilt adjustment will be made in a rotational direction 
around the X axis, that is, the pitching direction, during 
scanning exposure . 

[0030] The state of the liquid LQ in the holder table WH 
that is a characteristic feature of the exposure apparatus 



- 21 - 



according to the embodiment will be described below with 
reference to FIG. 3. FIG. 3 is a partially sectional view 
from the tip end of the projection lens system PL to the 
holder table WH. A positive lens element LEI whose lower 
face Pe is flat and upper face is convex is fixed at the 
tip of the projection lens system PL inside the lens barrel. 
The lower face Pe of the lens element LEI is so finished 
that the lower face Pe will be flush with the end face of 
the tip end of the metallic part of the lens barrel (flush 
surface finishing) , preventing the flow of the liquid LQ 
from becoming turbulent. An outer corner portion 114, which 
is a portion to be immersed in the liquid LQ at the tip end 
of the lens barrel of the projection lens system PL, is 
chamfered, for example, to have a large curvature as shown 
in FIG. 3, in order reduce resistance against the flow of 
the liquid LQ and hence to prevent the generation of an 
unnecessary vortex or turbulent flow. Further, a plurality 
of protruding suction faces 113 are formed in a central 
portion of the inner bottom of the holder table WH to draw 
the back face of the wafer W by vacuum suction. 
Specifically, these suction faces 113 assume the shape of 
an annular zone consisting of a plurality of annular land 
portions having about 1 mm in height and concentrically 
formed with a predetermined pitch in the direction of the 
radius of the wafer W. Then, a groove is cut at the center 
of each of the annular land portions, and each of the 
grooves is connected to piping 112 inside the table WH, and 
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to a vacuum source for vacuum suction. 

[0031] In the embodiment, as shown in FIG. 3, the spacing 
or distance L between the lower face Pe of the lens element 
LEI at the tip end of the projection lens system PL and the 
surface of the wafer W (or the auxiliary plate HRS) is set 
in the range of about 2-1 mm for the best focus state. 
Therefore, the depth Hq of the liquid LQ to be filled in 
the holder table WH can be just two, three, or more times 
the distance L, and hence the height of the wall LB 
provided around the holder table WH can be just several to 
ten mm. Thus, in the embodiment, since the distance L as 
the working distance of the projection lens system PL is 
set very small, the total amount of liquid LQ to be filled 
in the holder table WH can be reduced, thereby making 
temperature control easy. 

[0032] In the embodiment, pure water easy to obtain and 
handle is used for the liquid LQ. However, note that a 
slight percentage of aliphatic additive (liquid) , which 
does not dissolve the resist layer of the wafer W and the 
influence of which on the optical coating of the lower face 
Pe of the lens element can be ignored, is added to the pure 
water to not only reduce the surface tension of the pure 
water but to enhance the interface activity of the pure 
water. Methyl alcohol or the like having a refractive index 
approximately equal to that of the pure water is preferably 
used as the additive. In such a case, even if the methyl 
alcohol component in the pure water evaporates to vary its 
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concentration, the total change in the refractive index of 
the liquid LQ can be minimized. 

[0033] The temperature of the liquid LQ is controlled for a 
target temperature with a constant degree of accuracy. The 
accuracy of controlling temperature in a relatively easy 
manner at present is about ±0.01°C. Based on such 
temperature-control accuracy, the following considers a 
realistic immersion projection method. In general, the 
temperature coefficient N a of the refractive index of air is 
about -9xlO" 7 /°C, while the temperature coefficient N q of the 
refractive index of water is about -8xlO" 5 /°C. In other 
words, the temperature coefficient N q of the refractive 
index of water is about two orders of magnitude larger than 
that of air. On the other hand, if the working distance is 
L, the amount of imaging wavefront aberration AF caused by 
the amount of temperature change (temperature unevenness) 
AT in the medium filled in the working distance L is 
approximately represented as follows: 
AF=L* I N | •AT 

[0034] Here, if normal projection exposure is carried out 
without the application of an immersion projection method, 
the amount of wavefront aberration AF air under such 
conditions that the working distance L is 10mm and the 
amount of temperature change AT is 0.01°C is as follows: 
AF air =L# | Na | •AT^O . 0 9 nm 

On the other hand, the amount of wavefront aberration AF iq 
in the case of applying the immersion projection method is 
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as follows: 
AF iq =L» | N q | *AT^8 nm 

[0035] In general, it is desirable that the amount of 
wavefront aberration be about 1/30 through 1/50-1/100 of 
the wavelength X used. Therefore, in the case of using the 
ArF excimer laser, the maximum allowable amount of 
wavefront aberration AF max is defined in the range of 6.43 
through .3.86-1.93 nm corresponding to 1/30 through 1/50- 
1/100 of the wavelength X generally used, and preferably 
1.93 nm or below at 1/100 of the wavelength X. The heat 
conductivities of air and water at 0°C are 0.0241 W/mK and 
0.561 W/mK, respectively. In other words, water is better 
heat conductor than air, so that the temperature unevenness 
in the optical path formed in the water can be reduced 
compared to that in the air, thereby reducing the 
fluctuation in the refractive index in the liquid. However, 
as shown in the expression (3) , if the working distance L 
is about 10 mm, the amount of wavefront aber ration AFiq 
generated is far beyond the allowable amount of wavefront 
aberration AF max even if the amount of temperature change AT 
is 0.01°C. 

[0036] It follows from the above consideration that the 
relationship between the amount of temperature change AT 
after taking into account the amount of allowable wavefront 
aberration AF max and the working distance L is from 
AF max =V30>L«|N q |#AT to AF max =AVl00>]> | N q | •AT . Assuming that 
the amount of temperature change AT is 0.01°C, the 
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wavelength X is 193nm, and the amount of change N q in the 
refractive index of the liquid LQ is -8xlO~ 5 /°C, the required 
working distance (thickness of the liquid layer) L is from 
8 mm to 2.4 mm or less. It is desirable that the working 
distance L be smaller than 2 mm as long as the liquid LQ 
flows smoothly in the working distance L. . Since the 
embodiment is configured as mentioned above, not only can 
the temperature control of the liquid LQ be made easy, but 
the degradation of the projected image induced by a change 
in wavefront aberration due to a temperature change in the 
liquid layer can also be prevented, making possible 
projection exposure of a pattern on the reticle R with an 
extremely high resolution. 
[0037] 

[Description of Second Embodiment] Referring next to FIG . 4, 
a second embodiment of the present invention will be 
described. This embodiment shows a temperature control 
method for the liquid LQ, which is also applicable to the 
first embodiment, and a method of dealing with the liquid 
LQ at the time of changing the wafer W. Therefore, 
components in FIG. 4 common to those in FIGS. 1 and 3 are 
given the same reference numerals and symbols. In FIG. 4, a 
plurality of suction faces 113 are formed in a wafer 
loading portion as a circular depressed portion on the 
inner bottom of the holder table WH. Then an annular groove 
51 used for supply and discharge of the liquid LQ is formed 
around the circular wafer loading portion. Part of the 
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groove 51 communicates with an external pipe 53 through a 
passage 52 formed inside the table WH. Further, 
thermoregulators 50A, 50B such as Peltier elements are 
embedded directly below the wafer loading portion and the 
auxiliary plate HRS inside the holder table WH, and 
temperature sensors are placed in position (preferably at 
plural positions) on the holder table WH to detect the 
temperature of the liquid LQ precisely. The 

thermoregulators 50A, 50B are controlled by a controller 60 
in such a manner that the temperature of the liquid LQ 
detected by the temperature sensors 55 will be kept at a 
constant value. 

[0038] On the other hand, the pipe 53 is connected to a 
liquid supply unit 64 and a drainage pump 66 through a 
selector valve 62. The selector valve 62 switches over 
between a flow path for supplying the liquid LQ from the 
liquid supply unit 64 to the pipe 53 and a flow path for 
returning the liquid LQ from the pipe 53 to the supply unit 
64 through the drainage pump 66 in response to an 
instruction from the controller 60. Inside the supply unit 
64, a reserve tank (not shown) capable of reserving the 
total amount of liquid LQ on the holder table WH, a pump 
64A for supplying the liquid LQ from the tank, and a 
temperature controller 64B for keeping the liquid LQ in the 
tank including the pump 64A at a constant temperature are 
provided. In the above-mentioned structure, the operation 
of the valve 62, the pump 64A, the temperature controller 
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64B, and the drainage pump 66 are centrally controlled by 
the controller 60. 

[0039] In such a structure, when the wafer W is carried to 
the wafer loading portion of the holder table WH and loaded 
on the plural suction faces 113 in a pre-aligned state, the 
wafer is fixed under a reduced pressure through the vacuum 
suction piping 112 shown in FIG. 3. During this operation, 
the thermoregulators 50A, 50B continue to be controlled at 
a target temperature. Then, upon completion of vacuum 
suction of the wafer W, the selector valve 62 is moved from 
a closed position to the supply unit 64 side to actuate the 
pump 64A to fill the temperature-controlled liquid LQ to 
the inside of the wall LB of the holder table WH by a given 
amount through the pipe 53, the passage 52, and the groove 
51. After that, the selector valve 62 returns to the closed 
position. Once the exposure of the wafer W is completed, 
the selector valve 62 is moved from the closed position to 
the drainage pump 66 side to actuate the drainage pump 66 
to return the liquid LQ on the table WH to the reserve tank 
in the supply unit 64 through the groove 51 and the pipe 53. 
The temperature of the liquid LQ returned to the tank is 
controlled precisely by the temperature controller 64B 
based on a detection signal from a temperature sensor 
provided in the reserve tank until the next wafer is ready. 
[0040] Thus, according to the embodiment, the temperature 
of the liquid LQ during immersion exposure is controlled by 
the thermoregulators 50A, SOB in the holder table WH, while 
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the liquid LQ is recovered into the supply unit 64 during 
wafer change so that the temperature of the liquid LQ will 
be controlled in the supply unit 64. This structure has the 
advantages of making possible wafer change in air and 
preventing a big temperature change in the liquid LQ. 
Further, according to the embodiment, even if the 
temperature of the liquid LQ filled in the holder table WH 
after wafer change is deviated slightly (e.g., about 0.5°C) 
from a set temperature, it can reach the set temperature in 
a relatively short time because the depth of the liquid 
layer H q (see FIG. 3) is shallow on the whole, thereby also 
making it possible to reduce the waiting time until the 
temperature is stabilized. 
[0041] 

[Description of Third Embodiment] Referring next to FIG. 5, 
a third embodiment will be described. FIG. 5 shows a 
partial cross section of a holder table WH improved from 
that of FIG. 3. The holder table WH in this embodiment is 
divided into two parts, namely a wafer chuck 90 for holding 
the wafer W and a ZL stage 82 moving in the Z direction for 
focus leveling and performing tilt movement, in which wafer 
chuck 90 is placed on the ZL stage 82. The ZL stage 82 is 
provided on the XY stage 34 through three z actuators 32A, 
32C (32B not shown) . Like in FIGS. 1, 3, and 4, the wall LB, 
the auxiliary plate HRS, the piping 112 for vacuum suction, 
and passages 53A, 53B communicating with the pipe 53 for 
supply and discharge of the liquid LQ (see FIG. 4) are 
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formed in the chuck 90, respectively. Note here that the 
passage 53A communicates with the peripheral part of the 
auxiliary plate HRS inside the wafer chuck 90, while the 
passage 53B communicates with the downmost part of the 
wafer loading portion on the inner bottom of the wafer 
chuck 90. Thus, since the passages for discharging and 
filling the liquid are formed at two or more positions, it 
can be quick to take in or put the liquid. 
[0042] Further, in the embodiment, three through-holes 
(only two of them shown) 91 are formed in the central 
portion of the chuck 90, and three center-up pins (only two 
of them shown) 83 moving up and down through the through- 
holes 91, respectively, are provided on a vertically 
movement driving mechanism 85. The vertically movement 
driving mechanism 85 is fixed on the side of the XY stage 
34. The three center-up pins 83 are to lift up or down the 
wafer W on the chuck 90 by a given amount from or onto the 
loading surface during wafer change. When the wafer W is 
held on the loading surface of the chuck 90 by vacuum 
suction as shown in FIG. 5, the tip end of each of the 
center-up pins 83 is located in a position lower than the 
loading surface of the chuck 90. 

[0043] On the other hand, a parallel flat plate CG made of 
silica glass and fixed perpendicularly to the optical axis 
AX is attached to the tip end of a sub lens-barrel 80 
provided in the tip end of the projection lens system PL 
used in the embodiment so that the front lens element LEI 
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(plano-convex lens) will not be immersed in the liquid LQ. 
In the embodiment , the spacing or distance between the 
lower face of the parallel flat plate CG and the surface of 
the wafer W becomes a nominal working distance and is set 
to 2 mm or less like in the aforementioned embodiments. The 
attaching surface of the parallel flat plate CG to the sub 
lens-barrel 80 is waterproofed and nitrogen gas is filled 
in the sub lens-barrel 80. 

[0044] Thus, since the parallel flat plate CG is provided 
at the tip end of the projection lens system PL, even if 
the substantial backfocus distance (distance from the front 
optical element having refractive power to the imaging 
plane) of the projection lens system PL is about 10 to 15 
mm, the working distance L can easily be set to about 1 to 
2 mm, enabling the implementation of an immersion 
projection method with reduced influence of temperature 
changes in the liquid. Further, the parallel flat plate CG 
can be retrofitted, part of the surface of the parallel 
flat plate CG can be polished on the order of a fraction of 
the wavelength, thus making it easy to correct local slight 
distortion (or random distortion) in the projected image. 
In other words, the parallel flat plate CG has both a 
function as a window to protect the front lens element 
located at the tip end of the projection lens system PL and 
a function as a distortion correcting plate. From another 
point of view, it can be said that the image forming 
performance of the projection lens system PL including the 



- 31 - 



parallel flat plate CG is certified, that is, the parallel 
flat plate CG is consistently a front lens element located 
at the tip end of the projection lens system PL. 
[0045] 

[Description of Fourth Embodiment] Referring next to FIG. 6, 
a fourth embodiment will be described. This embodiment is 
related to the embodiment shown in FIG. 5 regarding wafer 
change when the projection optical system having an 
extremely small working distance is used for an immersion 
type projection exposure method. In FIG. 6, a reference 
mirror ML (for X and Y directions) receiving and reflecting 
a reference beam BSr from the laser interferometer 33 shown 
in FIG. 1 is fixed in the lower end portion of the lens 
barrel of the projection lens system PL. In operation, a 
length measuring beam BSm from the laser interferometer 33 
is projected to a moving mirror MRw fixed to an edge 
portion of the ZL stage 82 as shown in FIG. 5, and the 
reflected beam is returned to the laser interferometer 33 
so that it will interfere with the reflected beam of the 
reference beam BSr, thereby measuring the coordinate 
position of the reflection surface of the moving mirror MRw, 
that is, the XY coordinate position of the wafer W with 
reference to the position of the reference mirror ML. In 
the embodiment, the ZL stage 82 is also mounted on the XY 
stage 34 through the three Z actuators 32A, 32B (32C not 
shown) in such a manner that it can move in the Z direction 
and the tilt direction. Note here that the ZL stage 82 is 
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coupled to the XY stage 34 through leaf springs 84A, 84B 
(84C not shown) provided at three positions around its 
perimeter so that it will be supported with extremely high 
rigidity in the horizontal direction (on the XY plane) with 
respect to the XY stage 34. 

[0046] In the embodiment, the wafer chuck 90 like in FIG. 5 
is also provided on the ZL stage 82. A point different from 
FIG. 5 is that the wafer chuck 90 is configured to move in 
the Z direction relative to the ZL stage 82 with a 
relatively large stroke (about 10 to 15 mm) by means of a 
plurality of Z-direction driving mechanisms 88A, 88B. 
Unlike the Z actuators 32A, B, C for focus leveling, the 
driving mechanisms 88A, 88B have only to move the wafer 
chuck 90 between both ends of the stroke. Therefore, they 
can be configured to have a simple elevation function using 
an air cylinder or link mechanism. Further, in the 
embodiment of FIG. 6, the center-up pins 83 shown in FIG. 5 
are fixed on the XY stage 34 without up and down movement. 
Then, as shown in FIG. 6, when the wafer chuck 90 is lifted 
to its upmost position, the surface of the wafer W is 
located 1 to 2 mm from the surface of the front optical 
element of the projection lens system PL and the end face 
of each of the center-up pins 83 is slightly (about 2 to 3 
mm) lower than the wafer loading face of the wafer chuck 90. 
[0047] FIG. 6 shows the above-mentioned structure in a 
state during exposure of the wafer W. After completion of 
the exposure operation, the liquid LQ is temporarily 
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discharged from the wafer chuck 90 in the manner as shown 
in FIG . 4. Then, once the vacuum suction of the wafer chuck 
90 is released, the driving mechanisms 88A, 88B are 
actuated to lift down the wafer chuck 90 from the position 
in FIG. 6 to its downmost position. This causes the wafer W 
to be reloaded on the tip end faces of the three center-up 
pins 83 while positioning the upper end face of the wall LB 
around the wafer chuck 90 to be lower than the front end 
surface of the projection lens system PL (the lower face Pe 
of the lens element LEI in FIG. 3 or the lower face of the 
parallel flat plate CG in FIG. 5) . In this state, if the XY 
stage 34 is moved to a wafer change position, the wafer W 
is drawn out from the position directly below the 
projection lens system PL and moved toward a transport arm 
95. At this time, since the arm 95 is set to be higher than 
the upper end face of the wall LB of the wafer chuck 90 and 
lower than the wafer W on the center-up pins 83, it gets 
into the downside of the wafer W. Then, the arm 90 
transports the wafer W toward a predetermined unload 
position while lifting the wafer W slightly up under vacuum 
suction. The way of carrying in the wafer W is exactly 
opposite to the above-mentioned sequence. 

[0048] As shown in FIG. 6, when the structure is of the 
type in which the laser interferometer 33 projects the 
reference beam BSr to the reference mirror ML for the 
projection lens system PL, since a pool of liquid LQ 
spreads out over the space directly below the optical path 
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of the reference beam BSr, it is considered that a rise of 
saturated vapor could cause fluctuation in the optical path 
of the reference beam BSr. Therefore, in the embodiment, a 
cover plate 87 is arranged between the optical path of the 
reference beam BSr and the liquid LQ to block the flow of 
the rising vapor in order to prevent the fluctuation in the 
optical path of the reference beam BSr. 

[0049] In order to more stabilize the optical path of the 
reference beam BSr, temperature-controlled clean air may be 
sent in a direction intersecting the optical path over the 
cover plate 87. In this case, the cover plate 87 also has a 
function for preventing a direct air blow for air- 
conditioning of the optical path to the liquid LQ, thus 
reducing unnecessary evaporation of the liquid LQ. 
Alternatively, the entire optical path of the reference 
beam BSr may be covered with a wind-shielding cylinder 
instead of such a simple cover plate 87. 

[0050] 

[Description of Fifth Embodiment] Referring next to FIGS. 
7(A) and (B) , a fifth embodiment will be described. This 
embodiment shows a combination of the structure of the 
holder table WH shown in FIG. 1 with a center-up mechanism 

(pins 83 and z-driving mechanism 85) shown in FIG. 5, that 
is, it shows an improved structure of the holder table WH 
for easy wafer change. FIG. 7(B) is a plan view of the 
improved holder table WH and FIG. 7(A) is a sectional view 
taken along the line 7A in FIG. 7(B). It is apparent from 
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FIGS. 7(A), (B) that the holder table WH is held on the XY 
stage 34 through three Z actuators 32A, 32C (32B not shown), 
and three through-holes 91 are provided in the central 
portion of the holder table WH. Center-up pins 83 moving up 
and down by means of a driving part 85 penetrate through 
the through-holes 91 , respectively. 

[0051] As described above, the height of the downmost end 
face of the projection lens system PL is just about 2 mm 
from the surface of the auxiliary plate HRS (wafer W) in 
its original state. In addition, the upper end of the wall 
LB provided around the holder table WH is higher than the 
downmost end face of the projection lens system PL. 
Therefore, if the XY stage 34 is moved for wafer change to 
draw out the wafer from the position directly below the 
projection lens system PL, the width of part of the 
auxiliary plate HRS will have to be about as large as the 
diameter of the lens barrel of the projection lens system 
PL, resulting in an increase in the volume of the holder 
table WH in which the liquid LQ is filled. 

[0052] Therefore, in the embodiment, part of the wall LB of 
the holder table WH is cut or notched to provide a liquid 
sealing door DB to freely open or close in the notch 
portion. The liquid sealing door DB is closed to close the 
notch portion of the wall LB to seal the liquid while the 
liquid LQ is being filled as shown in FIGS. 7 (A) , (B) . On 
the other hand, it is open as indicated by the broken line 
in FIG. 7 (A) while the liquid LQ is being discharged from 
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the holder table WH. The liquid sealing door DB is 
configured to be slightly higher than the surface of the 
auxiliary plate HRS when it is in the open state. Further , 
an 0 ring OL is provided in position on the wall side 
(including the notch portion of the wall LB) corresponding 
to the body side of the holder table WH that encounters the 
inner wall of the liquid sealing door DB to ensure sealing 
performance as shown in FIG. 7(B) . 

[0053] In such a structure, when the wafer on the holder, 
table WH is changed for another, the liquid LQ is first 
discharged from the holder table WH before opening the 
liquid sealing door DB. Then, the XY stage 34 is moved to 
the right in FIG. 7 so that the wafer is drawn out from the 
position directly below the projection lens system PL. At 
this time, the projection lens system PL is located above 
the liquid sealing door DB that has just been opened. Then, 
the center-up pins 83 are raised to lift up the wafer to a 
position higher than the wall LB, thus making it easy to 
replace the wafer. 

[0054] According to the embodiment, the diameter of the 
wall LB surrounding the perimeter of the holder table WH 
can be minimized to minimize the total amount of liquid LQ 
to be filled in the holder table WH. This structure has the 
advantages of making it easy to manage the temperature of 
the liquid LQ and minimizing the filling and discharging 
time of the liquid LQ. In the structure of the fourth 
embodiment, the liquid sealing door does not need providing 
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because the wafer chuck is lifted down, but such a liquid 
sealing door may also be provided in the fourth embodiment. 
[0055] 

[Description of Sixth Embodiment] Next, FIG. 8 shows a 
sixth embodiment of the present invention. In the 
embodiment, a lower case 7 and an upper case 8 are used. A 
wafer holder 3a for loading a wafer 3 is formed on the 
inner bottom of the lower case 7. The upper face of the 
lower case 7 is hermetically closed by the bottom surface 
of the upper case 8, and the total volume of the lower case 
7 is fully filled with an immersion liquid 7a. The upper 
case 8 is also filled with an immersion liquid 8a so that 
the last or front lens surface la of a projection optical 
system 1 will be immersed in an immersion liquid 8a. 

[0056] Part of the immersion liquid 7a in the lower case 7 
is guided to a thermoregulator 6 form an outlet 5 provided 
on one side of the lower case 7 so that the thermoregulator 
6 will regulate the temperature of the immersion liquid 7a. 
The temperature-regulated immersion liquid 7a is then given 
back to the lower case 7 from an inlet 4 provided on the 
other side of the lower case 7, thus circulating the 
immersion liquid 7a. A plurality of temperature sensors 

(not shown) are placed at plural positions in the lower 
case 7 so that the thermoregulator 6 will control the 
temperature of the immersion liquid 7a in the lower case 7 
to be kept constant based on the output of the temperature 
sensors. The same temperature control mechanism is also 
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provided for the immersion liquid 8a in the upper case 8. 
[0057] In the embodiment, the lower case 7 and the upper 
case 8 are integrally moved to move the wafer 3. On the 
other hand, since the immersion liquid in the lower case in 
which the wafer 3 is housed is substantially closed, this 
structure are advantageous not only because of its 
temperature stability but also because it can prevent the 
occurrence of a pressure distribution due to an unnecessary 
flow such as a vortex in the immersion liquid- In other 
words, a pressure distribution in the immersion liquid 
causes a fluctuation in refractive index and hence the 
deterioration of the imaging wavefront aberration. However, 
in the sixth embodiment, since only the pressure 
distribution in the immersion liquid 8a filled in the upper 
case 8 causes a problem, the optical path in this section L 8 
can be formed short enough to mitigate the influence of the 
flow of the immersion liquid during wafer movement to such 
a level not to cause any practical problem. 
[0058] In the embodiment, the lower case 7 and the upper 
case 8 are integrally moved, but only the lower case 7 can 
be moved while fixing the upper case 8. In such a structure, 
the immersion liquid 8a in the upper case 8 completely 
stops its flow. Therefore, it is preferable that the 
working distance L be so set that the thickness L 7 of the 
immersion liquid 7a in the lower case 7 will be 
sufficiently thinner than the thickness L 8 of the immersion 
liquid 8a in the upper case 8. 



- 39 - 



[0059] 

[Description of Alternative Embodiments] Although the 
embodiments of present invention are described above, since 
the working distance of the projection lens system during 
immersion exposure is extremely small, about 1-2 nun, as 
shown in FIG. 1, the off-axis type focus alignment sensor 
FAD is used for focusing on the wafer W. Alternatively, a 
TTL (Through-The-Lens) type focus detection mechanism as 
disclosed, for example, in US Patent No. 4,801,977 or 
4,383,757, may be provided, which projects a focus 
detection beam onto the wafer through a peripheral part 
within the projection field of the projection lens system 
PL to measure the height or tilt of the wafer surface. 
[0060] Further, although the focus alignment sensor FAD 
shown in FIG. 1 is of an off-axis type that optically 
detects the alignment marks on the wafer W, this alignment 
sensor may be of the TTL type that detects the marks on the 
wafer W through only the projection lens system PL and 
provided in addition to the TTR alignment sensor 45 in FIG. 
1 for detecting the marks on the wafer W through both the 
reticle R and the projection lens system PL. Furthermore, 
if the present invention includes a projection optical 

* 

system for projection exposure under the source of 
ultraviolet light (having a wavelength of 400 nm or less), 
it can be applied to any exposure apparatus in the same 
manner regardless of its structure. 
[0061] 
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[Effects of the Invention] As described above, the present 
invention provides an immersion exposure apparatus that can 
ensure sufficient image forming performance in the range of 
practically feasible temperature control. The present 
invention also provides the structure of a wafer stage 
suitable for loading and unloading a wafer in the immersion 
exposure apparatus . 

[Brief Description of the Drawings] 

[FIG. 1] It is a diagram showing the overall structure of a 
scanning type projection exposure apparatus according to a 
first embodiment of the present invention. 
[FIG. 2] It is a perspective view for schematically 
explaining a sequence of scanning exposure. 
[FIG. 3] It is a partially sectional view showing a 
detailed configuration around a projection lens system in 
FIG. 1. 

[FIG. 4] It is a block diagram schematically showing liquid 
temperature control and a liquid supply system according to 
a second embodiment of the present invention. 

[FIG. 5] It is a partially sectional view showing a 
configuration around a wafer holder and a projection lens 
system according to a third embodiment of the present 
invention. 

[FIG. 6] It is a partially sectional view showing a 
configuration around a wafer holder and a projection lens 
system according to a fourth embodiment of the present 
invention . 
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[FIG. 7] It includes a sectional view (A) and a plan view 
(B) showing the structure of a holder table according to a 
fifth embodiment of the present invention. 

[FIG. 8] It is a schematically sectional view showing the 
main part of a sixth embodiment of the present invention. 
[Description of Notations] 

1 ... Projection Optical System la ... Last Lens Surface 

7, 8 ... Case 7a, 8a ... Immersion Liquid 

3 ... Wafer 3a ... Wafer Holder 

4 ... Inlet 5 ... Outlet 

6 ... Thermoregulator L ... Working Distance 

10 ... Illumination System 12 ...Condenser Lens System 

14 ... Mirror 16 ... Reticle Stage 

17 ... Laser Interferometer System 18 ... Motor 

19 ... Column Structure 20 ... Reticle Stage Controller 

30 ... Base 32A, 32B, 32C ... Actuator 

33 ... Laser Interferometer System 34 ... XY Stage 

35 ... Wafer Stage Controller 36 ... Drive Motor 

40 ... Main Controller 50A, SOB ...Thermoregulator 

51 ... Groove 51 52 ... Passage 

53 ... Pipe 53A, 53B ...Passage 

55 ... Temperature Sensor 60 ... Controller 

62 ... Selector Valve 64 ... Liquid Supply Unit 

64A ... Pump 64B ... Temperature Controller 

66 ... Drainage Pump 66 80 ... Sub Lens-Barrel 

82 ... ZL Stage 83 ... Center-Up Pin 

84A, 84B ... Leaf Spring 85 ... Vertically Driving Mechanism 
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87 ... Cover Plate 88A, 88B ... Drive Mechanism 

90 ... Wafer Chuck 91 ... Through-Hole 

95 ... Arm 112 ... Piping 

113 ... Suction Face 114 ... Outer Corner Portion 

IL ... Pulsed Illumination Light AI ... Illuminated Area 

R ... Reticle Pa ... Circuit Pattern Area 

SB ... Light-Shielding Zone PL ... Projection Lens System 

AX ... Optical Axis LGa ... Front Lens Group System 

LGb ... Rear Lens Group System Ep ... Projection Pupil 

LEI ... Positive Lens Element Pe ... Lower Face 

CG ... Parallel Flat Plate W ... Wafer 

SAa, SAb ... Shot Area SI ... Projected Image 

WH ... Holder Table LB ... Wall 

LQ ... Liquid HRS ... Auxiliary Plate 

DB ... Liquid Sealing Door OL ... O Ring 

FAD ... Focus Alignment Sensor 

MRr, MRw ... Moving Mirror ML ... Reference Mirror 

BSr ... Reference Beam BSm ... Measuring Beam 

Sf ... Focus Signal Sa ... Alignment Signal 
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[000 1] 

B^BeB^HL. ftKffi^OBtt&BfcH'rs. 
[0 0 0 2] 

(Dts&ytmj&w— ^v?* x^vxi*. ffisit?«ft 

* — *X«*5fi*^*ES^«4ifO»^k:cfc?>. 10m 

t)> *<0ft«>k:ttB)tiiS«oJliKfifb*H«*\ S^^^ 

JWBBtfJWStiTV^*. 
[0 0 0 3] ttSSOB^SBTU:. 7^y^X 
?>Xtc^ffi^^:ftJSft:<0}afi»WcJ:oT, BSf^tc 

B-T «tt«ttfi60*fl:^0»«i: LT, J: -5 ftS*l5 

wwstiTv^*. Tab*, (w JKftoiafi^a 

4 . 3 4 6. 1 6 4 3 fcM^«ftfc8*tf ffl** 

OkbT> W6-1 2 4 8 7 3^fflJCBS^^nfc 
SHIKnURStiTV^s. $ft, ffltf*<Di&ft*:X* 
«fc -3 T?&SI@ii5 7 -r - K / *y Z f £ fc o k L 



3 



(3) 



temW 10-3031 1 4 

4 



T, raC<«pBB¥6- 1 2 4 8 7 3 XI* 
[0 0 0 4] 

X* yx<0£ ? «J^tt^3R©#¥'^ fc 
[0 0 0 5] 

Jg^Sc^N (l/°C) £Lfc£#. 

L< \/ (0. 3 X | N | ) 

: A F = 1 Ommx | 
= 0. 0 9 nm 
7k : A F = 1 Ommx | 
= 8. 0 n m 

[0 0 0 9] LfrSfc— IKK:lS4kiftgaiRII A F fi, Bft 

AF^A/30 (2) 

tfjSA-rSCfctfJSFSLV^ Mitfitfi 1 9 3 nm<DA 

r Fx4^>vlx— *?<-&myfflt.LTm^z>£%\ci^ 

AF<6. 4nm^l$U\ 7-+^f-rX^yX 

[0 0 10] (1 a)Sfc (2) SfcfrS. 
L<A/ (0. 3 x I N I ) (3) 

LfttfoT (3) £*Mfe-rc&lt:J:!K H3i 
RT^^igaS^tt (BK#«) Ofckt, Sffi^oSft 

»#fc±oT* u«a®«a«*«*«B*asfio i /3 
#*»oftBB**Bj^*<Bja-r*cfcT?»*-r*tt 
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[0 0 0 6] WTte*«WOftffl«KWr*« 
-*>yf f -<X*>X*LJ:U y-*>#TVx*>' 
10 MAT JCfiH-T 3Jg«»ffiOiRI6* A Fi:U ffittO 

(i) tf«ft-r*. 

A F = L x | N | XAT (l) 
[0 0 0 7] MHOBjft^ A TfcOt^Ttt^ ^<0^— 
ft*HSfc«>k:^fc3>hn— ;I/Lct5 fcfe, AT = 
0. 0 1 tgJgOSSM^ft-r^h^^n^o L 

A F = LX | N | X0. 0 1 -*•• (1 a) 

CCTNtt. ISf^OSSM^ 1 / 
20 °C^{4TSU/cfflT*fe3o 

[ooo a] ®m&<D^m&N<Dmi*m» 

%<m&*). 08*tf3£*T?ttN = -9 x l 0- 7 /tT6 
*<Dfc**LT, *©W&(iN = -8x l 0-*/1C"e» 
0. 1 0 0ffii£v«**«*. ftfi^x «/JSfflBB»SB<D 
S^7t^<DV-^>^^X^>XLti. »«L>1 
0mmT?6S^ L=10mmt^i:LT^, 
®i&MA F«±fitTOJ:5fc:as 0 

-9 x i o- 7 /r I x 0. Olt 

-8X 1 0- 5 /1C I X0. 0 1°C 

[0 0 1 l] 

40 jftBfl^iMrrs. 

[0 0 12] 

ffi l OUBBOVM] 0 l B\ *f£(5I<DSI 1 OUSSCT 
K:*3»IBB3tt«BO±fl*!«**L/. ccm feft 

Wlfc^Loa U^*/l/Rk^x/\Wfc*8Heu> 

!WB%ttB*a?r. HlttKIBMl Ott. »S 
so 1 9 3 n m©/WX3fc*tti#"r* ArF X^^>7l/-f 
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[0 0 13] l^?;l/Rti v ^SBftBSlctt^ffrftXh 

ntctmm vmm&^-i—^-i mr ricu— +f 

TH-SI^n^ X Y ffi«ffi»fcS-3v>T U^/t/X-r— ^ 

i e^iga-r^/c^unT^e— xn-ivi/^o 

[0 0 14] 3>fVt-l/>X^l 2^59— 

1 4^6Wa«tife)e»ttO/^l/XIHR83ttI L««U^» 

raw* a i rtfc#aE-r«/^->fr6ois«3tt«w 1 / 

rc»#*n/£^ttoixi;xh»j«:»«ifflK*nSo * 

oa»U>X5RPL03tt«lAXt±, HB-<*—^y-* — 

tfcgJgUVXlSP Ltt. KM 1 9 3 n mOSKJMRUlJf 
Kg 1 9 3 nm<D>W7>mWX<Dm%fo&ZW%L*mf 

Sfc»K:»;ffXfcm*;SnTV*S 0 dOidftfiMS/f 
X^l 2 (Xtt35-1 4) STOJttKKiStUTfeW* 
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^l/WHOrti5»OHI5Zl*ctt. *x/\W<Dit«*BfS<D 
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&nrt**. co*ftft^-h»HRsoaffioasss 

[0 0 16] COttKi^U-hgBHRSOiSftaftg 

it. 7*— *x • l^<u>jr-b>-9— otftlH*W!>x/> 

*~*X&fflffi£LT#Jffl2ft3Ch7r&£ 0 
XU— hSBHRSte. ^x/\w±<D>'3 *y ^fIJ^*:l^ 
^t/R±<Q!al58/^*— >£*ffittWfcfim^*>£-r£ £ 

ax • u^y>^-b>it— cd^uxL'— ->3>(i. fi§ 
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[0 0 17] fccSTHlteiSUfcaDx *HfiSMTti; 

vX^PLO^tDl^^X^OTffi (^xaw^oS 
S*u cn»c«tDx ^aEBJt^Jci/VX^oTffii:^ 

6£oT. ftflSoU^XiRyoTffifc^x/NWO^ffifcO 
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£®DttttSn£o COXYXf- zs3 4t£^— X^S 
3 0±£XY#ftlC2:&rof£I!jU tfvb^-r-X^WH 

23 2 A, 3 2B. 3 2 C^LTKDW^Wo S 
7^faX^3 2A, B, Ctt. VX-Vimm?* # 

3 0<9Z7*^o.x— *;£5Wcg&5Sf£ttZ 
[0 0 19] Sfe, XYXf-^3 A<0 2$dx»m*. 

x^r&i, Y7?fRio&teB^fb^tfa!l*r§P-lfT»H"3 

3 ^ ^ <D»ajffi«{ft ■ * -r * ^ x/ n x — ^snpgg 

3 5tCcfcoTfffc>ft£ 0 iSfifi^— £3 6^U— 7* 

^^L/cXYXf- v>3 4<D^««fiKi:bTtt. 09 
*fcf*SI«¥8- 2 3 3 9 6 4 ^«fcBH^Stifefl|j««r 

[0 0 2 0] *HifiWlT(ia^U>X^P Lcoy 

-*>^^X*>X;bM^<, ^l/>XPL<D5fc*g 
^ U>XSf i: »>x/\W tOHO 2 - 1 mniiS(D»^ 

- * x *z yv- <ot9tfi ^a^u>X^pl vt9i& 
*>X;&x£ (ia»uyX3RPL<OJ9JBaRrtJc:7*-*x 

7 9 ^ > h -b FAD^U V X?£ P L (OWM 
[0 0 2 1] C07t-*X • T^^Vh-feVfr— F 
J& X'JXAI?) OTSte. HlfcStJ:3t*#LQ 

T^x/nW (XteffiB&XU-hfflSHR S) ©*flff±fc!H 
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[0 0 2 2] ^LTW±07t-^Xif S f £7^-< 
^Vhfl^S att£Hflp8g4 OtCgffl^tL £$1JSJJ§§4 
0\t7* — i3*m^S f»Cl^T30iDZT^^aX 

-^3 2 a. b. c<D&4*mmcmm?z>rctb<Dm& 

?Tt)n^J:9^> SZ7^^jiX— ^3 2 A, B, C£: 

[0 0 2 3] *rc±*JWig4 0*i, 7 T ^-f^>hfI^S 
aKS^T. l^*/I/R£^x/\W£^fflttW&{£g 
IMS^^ -iiS /cii)© X Y Xr-i/* 3 4 OffifSii^ 

Y73iRitcJSi$u>x^p Loa»«*fc«Lv^aftitT? 
20 xAXf-^W3 5 t&mmmm?z>o 

[0 0 2 4] Il^Wt-AX'T^^yh 
-tr>-9— F A DliJS^LxVX^P L ©jfeflSSSHiao 1 >5r 
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Xf-^l 6^XYXf-^3 4 offitftafttttbti 

[0 0 2 5] fcc5T01Ol3tgl(J N XYXr-v^ 

^O^gS^OU^^^R. ^XAWOX+t 
V^lft £ X f V X^ift tOX^r^a^02 *#BB b 
40 Titt^-r^o 02^C^T. aitpcoSKU^X^PL 
tt. tugfl^VX^LGahmSfbVX^LGb^T^ 

^LGb £<Df$)rCl£^ ®&ls>X&P LOmmmE ptf 

^a-r^o £fcS2£^Lrcb^;URicte x 

X^ P L <Dfa#;m<DPm'< *—*J7 * KOISS^S 
*Dfe**a»ftft«#"rSHBS^*->ffl«P a^ 
iB^WS B»c±oTEB*nfert«K:flg««tiTV^„ 
[0 0 2 6] ^LTlx^^;l/R±cDtSi^P a 

ji/R*«*if YMic»o^jurAic— jeiav rm 
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J^«VwTX*ir Cfcfc J: oT* *>X/s 

W±<D»JBLfei/3 *y MH«S Aai^SB^n^. 

ttA Hi. m2lC7F*£5lcUmj\s±<Dm&P a|*9T 

[00 2 7] £Tx Uf^;l/R±<OMPato^;l/X 

IPL (^X^LGa, LGb) ^ckoT^ai/NW± 

Jgft^n^o fltl/f *;I/R±o;^->««P a J: 
•>^NW±O^H *y h«B«S A a 4>fBttj££*<^T a r 

3 y hffii&S A b ictttzmMmfetiLWtc < 5 fc. 

tc. ^;l/ROgSEP artO/^->OM«>XAW 
±(D->3 *y h««S A blcj^BftSnScfc-Jlc. 

-^MV r T^ISS-fciroo. 9:i^W«8EfltS I tc 20 

T. i/av hflKSA b±£m^©&O/^-><gtf><0 

2 4, 2 5 7§tcr^ntv^ 0 

CO 0 2 8] fcCSTBK 2fcSLfclfflB«ttSE« 

tt**#«**g*T. RffiMA I OJHR*tOBB;< 30 
K • U t?-hSSOXf7^- £LT^5 CfetfW 

is X x K 3 3 Tff* iH L T ISfg U > X& P L K*f *T * * x 
Tfc<fcV\> 

[0 0 2 9] ft*, H2*6W6fraj:5K:. J9K«S 

ftS IO««(DjfejiE*lRlOi|B*^*<x *X/\*®<Djfe 50 



^ v y tfiRi o ^ bins t ^sisft * k ff t>n * o 
[0030] ccT\ *mt&mic kznmmv&mx- 

m3*mmLTmw-?z>o ia3&*si5u>x^p Ltojt 

8»*>6*;P^f-7;l/WHST?©S»(rB*Sto » 
RU^X^PLO«ttrtoftflS»i:tt. TIPeWlT 
±S^affi<0iEU>X^ : ?LE 1 W StiT^*. C 
Ob^XifL E 1 (DTffiP e tt. «lfS^<D5fefigg|5<D 

^^l/^— ^I/WHOrtaEffO**»c*i. «>xr* 
WOKffi*K3aR«-rs»»0^mLfcK«Bl 1 3tf 

g£©iS£T£x/NWO&^[ftk:/5f£<D tf y ^-THj&R 

n^EIl 1 2^e:oft^^TV^^o 
[0 0 3 1] ST. *HSS0UT*te^ 3 tC^Lfccfc -5 Kl. 
tSKl^VXSP L<D5tiS<DUVXiR?L E 1 OTffiP e 
(X^SSj^U-hgPHR S) 

^tl5 0 *<Dtc#>. *;U^r— ^l/WHrtJcSSfc^n 
SjRftLQOjSISHqtt. IBHLfc:»UT 2 -3«S« 

fc«>. y;l/WHrtJc»rc*ns«Ei*LQfl[)18 
[0 0 3 2] CCT3*«aiWT«3**LQa:, AW 

[0 0 3 3] ST. JBtftLQOfflSttJBaBWiaafcit 
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-»frCffiaoJBfif*OStt«»N.tt*?I-9x 1 
0 ~ 7 /°CT*£ K> > 7jaDJB«r*<Dfi«««N, tttt- 8 x 

A F = L - I N I - AT 

[0 0 3 4] CCT\ «8lfflBtt*3ML*V^a«oa 

ia*s<t»AT*o. o i °c£isrct%<Di£MW£mti 

Fair *£«TOcI:5teS:3o 

AFair=L - tNal • AT = 0. 09nm 

* fc n c * v ^-r ^ x * > x l t umm tm a t <o 

A Fi q ttttTO«t5H:as 0 
A F lq = L • | N q I • A T = 8 n m 
[0 0 3 5] C OSE®iKMfit±s -WiSlAO 1 
/30^>Llil/50-l/l 0 0@^tfM3;H/>k 



WS«*lS«*<DiftffilKM«A F«ax A/3 0&V^ 
Ui A/5 0 — A/1 0 0gJg<D6. 4 3 S^Lfi 3. 
8 6—1. 9 3 nmlO£#)£ft. S$L<«A/100 
<D\. 9 3 nmHTtg»6Wo kCST?ffl«i:7kO 
0^Klfctt**f!&£i»2tsii. ^ITO. 0 2 4 1 W/m 
KfcftO, *T0. 5 6 1 W/mKfc&D. *0*WJ» 

a*<o^ft£ o < tsJiwictt^T^-r 

(3) tcgb/c^^Jcy-^v^^x^^XL^i o 

ramgt^ Sftg{taATtf0. 0 l°CTfeofc 
fc life, »£-r5«ffliRg« A F i q tiff^iRMMA F 

max ***<SS*TU*3. 

[0036] *ctjo±o#**>6, tfPSwmvmmL 

F»ax *#J*LftiaSQE{UlATi:'!7-*>^7 ff -f X^r 

>XLfc(OBB^i> 

A Fmax = A/3 0^L • I Nq I 'AT 

AF»ax = A / 1 00^L • | N q I - AT 

^^o. ClT% S^*tlSStt*ftJIAT*0. 0 1 

°C. «SA*1 9 3nnu * LT?fc#L QOH*f**fb 

iN q ^-8x i o- 5 /x:i:-f£k, ^gk^ft*?- 

T2mmJ:!)tW<Lfc*iVJ;V\ fitiKDA^K:^ 



[0 0 3 7] 

* x; nW<0£&J$O&{* L Q <DIR 0 ftv^ffi k *a?r. 
StoTv H4lc£V>Tft4)Hl. 3*OgP«kl^DfeO 
10 UlttRI— O^Jfe^ttTfeSo £T> H4t*(/>T*;I/ 

•>x/N«Bgpjctt1sao®gffi 1 l 3#*j»*hT^ 

l<D—m*. -r— r;l/WHrtfc:jgric«nrcatt5 2*^ 

hr sosr^tt. ^i/fii^oigtfasgs o 
20 cas l < (±aa-5rBf) fciifiSHr 55^ 

^LTfiBfflBBSO A. 5 0 B (i, U-b 5 5 

ti: * o T^m <* ft 3 l q (omstifi—mmte a * <t 5 

fcU W»gg6 0Kl«l:oT»J»*tlSo 
[0 0 3 8] — £\ 3«\ 4DDVX./^l/76 2 

SALT, »f*«te=LX*y h 6 4 fc*a*^y6 6tcjg 
a^tlTt^. «JD»*yW7 6 2l±. *Jin»6 0^6 

30 #L Q^gfW#vy6 6«^LTft»a-y h 6 4 fcR 

b 6 4 $;^f-7;l/WH±oiS*L qo^# 

a*>y6 6<0*«f^«4. «B»B6 0»cJ:oT»E*BWH: 

©jsi^ft^o 

40 [0 0 3 9] COJ:-5^:<g^^^T. ^X/nW 

»*;l/^x-^;l/WHO«B»±fcB33S*tu ^U79 

m3fc*Lrcn&&mm<D& t g 1 1 2*^ut* 

ffHS^ft^o COBS. JaftlHSggS OA. 5 0Bli, 

BaikftsiafttwjpsnttWTv^o ^it^xaw 

Xfl[Bfr6«»3L-yh6 4flfc«I0»t>0. SftISS 
5 3. fflKS 2, fl}5 l*MT*;^f-7;l/WHO 

so iggp L B cDrtSPtc-^afcttiiA^ftT. -ffl t> 
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76 2**d-X«[«K:B{*. *o&. ^x^wicft-f 

76 6 0ttBfcJ;-=>T7 i -- 7;l/WH±OiS(*LQ^«5 
1 x /W75 3*^UTfitJga-^h6 4 0U1T— 7* 

'J If- 7^ > ^ Oiaa-ir £ o&fflM^tc 

»oa>T, ^or>^^*«T#«S"ean»6 4 bk 

ojfcft L Qli*;l/^f-7;l/WH rt<D?ggIIM§§ 5 0 

A. 5 0BfcioTffl**MP2*U *x/\S3MftfE4n4 

h 6 4 rtfcl§liRLTiaR*iJ»-r« 
*-5JcLrcOT\ ^x*\£iR#*«*T^£fc:S:*i:fc 

[0 0 4 1] 

cm 3 onflsfflioBiRB] *»c» 3 <ommm\^^xm 5 

*#IHbTSKWrs. H5«jfeOH3CD«|fiR**fiL^: 

;l/^*r— 7/l/WHfct. *x/\w*«i*-rs*x/v^**y 

^9 0£, *x • u^y vyofettoz^iRi^B 

V>*o ^ITZ LXf- >>8 2«\ 3O(0Z7^^X 30 
— £ 3 2 A, 3 2C (3 2Bli*l8&) *^LT, XYX 
■T-^3 4±KKtt£ft& Q *LT^y*9 0fcM\ 
HK 3> 4tmm^ ISg&LB, Mi&7U-hgPHR 
S, l^RMfflOEfl 1 2. ttttLQ<D«lk SfWffl 
0/W75 3 (H4#8R) fcg^£n*iIB5 3 A, 5 

3Bm?nM^nti/^o /cfcu sisss 3 a« 
*x/\?-*^*9 ortgptDtiayu-hgpHR somm 

gP^Coa^oTJ3D> iiK5 3 Bfc**x>v?-vy*9 
0rt^«0^X/^agPO^fe{ftV^gP^CO^:^oTV> 

[0 0 4 2] 3 5lt*HSS0!|T(i^ ft7^90OW 

(Dnmn9 i*iioT±T«rr* 30 (200^0^) 
test* stress, c (DirFmmmmm s 5 t±, xyx 

lf>8 3^ ^X/N3?j&B#£^*y^9 0±<D^x^W 
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-Y-y * 9 0OKgffiJc*^®^^n/c«^Tti, @5IC 

^9 ocoKHS*?) ^T^o/cfiiMtc^^n^o 

[0043] *mmmT*{&mirztsimu>x%kp 

fcB£«ftfc^©W¥«CGVtt9ttttSft. Lfc 

Ttt. ccD¥fr¥1fiCGOT®^^x/NWC0^S^OP^ 

8 0 <D¥fT¥ffiC G fcOBlWJffittl»7k»PX*ti. "9-7 
[0 0 4 4] C<D£5^m*ls>'X&PL<Dftmc¥-ft 

Tt>> g^^y^y^ X ^ >X L ^ I ~ 2 mmg 
^STfSo Sfe* ¥fT¥«CGte»W*TRW-3c: 
1 ISO^-^-Tift £ Ciita*), 

-ftt^ Tfr¥«CG«4l91gU>X«PLO« 

^c^tc^^o gijoa**"rntf¥fi¥ScG* 

T\ ¥fT¥S C G UVXSS P L OS5tWO%¥lK 

[0 0 4 5] 

4 OHfiSMOSiW] *K:*«BHo* 4 ©IQfflHfcio 

— tfTWtt3 3fr60#WHffle-AB S r ^§ttTS*f 
•T^#Hi5^-ML (X^fp]fflkY73[Rlffl) tfH)l?tl 
TV>^ 0 *bTU—tf=F*W-3 3V&OW«ffle-AB 
Smti. jfeOHS^Lfcfca&ZL-XT— 2<D«B 

mz mfe-z ntdmrnu r w icg&f 2 n. ^^sste- 

iutt l^-lfT^tf 3 3 tCR 0 . #RM A B S r OS 
I* C - A =F * L Tfemmu R w OffiWffiBs 

Tt> x Z LXf- ^8 2tt3O0Z7>faX- ^3 2 
A, 3 2 B (3 2 Cti^PJS) ^/MTXYXf w ^3 4 
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^■jtt^o fc/cU Z LX-r-^8 2(i. ^OJ122<D 
3ymT**g/^8 4 A. 84 B (8 4 Cti^BS) 
TX YXf^3 4 t&&2iU 

[0 0 4 6] *LT*gltti«T?fe, JfeOHSfcHiatO^ 
X/n^* y * 9 0 *< Z L Xf^>' 8 2 ±fcl»W- <E> tlZ> 

t>\ mstmKzMiis *x/\^* 7^9 o^a&foz 

^T|q|OJEIftflm8 8 A. 8 8Bfc«l:oTi±ttWfc:*#ft 
Xhn— * (10—1 5ramgg) T'ZLXf-^82 

mmmmssA t 8 8Bt±. 7*-*x*u^jv^ 

/cfe«DZ7^faX-^3 2A, B, CfcHSrtK ^X 

tt. *<DB5fc:5*L;rc-fe>'*— Tv7\£2/8 3#XYX 
LT0 6 Oct "9 (OxAft 7^90 jEMK6±W Lfc« 

^yyvfV8 3Q5fc«ffi«:»>x/v^*-y*9 OO^x/n^ 
[0 0 4 7] W±OJ:^d:Mt> 06ti^x/NW^St 

fij®«8 8A. 8 8B*ffiB?Wx/^y*9 0 
^x/NW&30<7>tr:y*--- 7y^>8 3 <D5fefiBffi±fc: 

»LBo±«sffi*<iaiBu>xsPL<Djfefl8as <®3*r* 

U^X^ L E 1 £>T®P e, 05 cfTte ¥?t¥=RC 
GOT® £0Ug<&&£?£fiffi&#2nSo 
ttlTXYXf-^3 4*^XA3?Mi$T^fil?^ 

^x/\Wtt*fflKL/>X3RPLOiaT^5§l*fll* 

nr. aKSffl^r-A9 5o^^sj-rs 0 co^tr 

— A9 5fcfc. »)XA?t7^9 OOiggBL BcQ±ffiS<£ 
tHiiS<> fiO-fe>*— 777fcf>8 3±<D^x;\W£ 

OTWfcAOiitto *n*^6r— A9 0«^x/nW^± 

VD-KffigfrcFpjttT^x/NW^aa^TSo ^xaWO 

[0 0 4 8] £C3T06£^L/c<fc9fc:. U—tf^ 
tf3 3^#fige-ABS r*t^Uy;ORPL<D«H5 
^-M L K&lfr & £ -5 ar7JiW)»&. #!$e-A B S 
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T**SSWTttv #Sa£-AB S r CDftSS i: j&ft L Q £ 
OWfc*/^K8 7*ElU &ttLQfr£>±jrT£a£ 

[0 0 4 9] */*-«8 7 0±8USHI^tt. #f& 

COf^ */^«8 7tt3W»^BHflB03S»^ia» 

T*So »^^AA*-g8 7 left* T. 4HB£— 
AB S rOM^lffll§T*a5MJclTt)«);t\ 
[0 0 5 0] 

[as 5 (ommmommi mc*fm<owi5<D$mm*m 

7 (A) , (B) ^#iLTW§o *HfifiW«ijfeO 

20 fc-t>*-7^y«« (b!>8 3, ZlgBlSPS 5) SrJfi 
^^rfcfecDTfeD. ^x/\£&£fgiji&c^3£5U:* 

(B) ti^^3c^^n/c*;l/^--r;l/WH<D^FM^ 

U07 (A) itm7 (B) «f0 7 A^«<D»fffi*« 
-To ^<D|^7 (A) . (B) frZfrfrZ&vlc^ 
X— :?>WHte. XYXr— >*3 4±^3 0tOZ7*f 
^3 2A, 3 2C (3 2B(i*BS) *ft\,T$m 

9 l^Rttfenrv^So ccdMj!?L9 uch\ iMSgps 

[0 0 5 1] 9ctCt>mmLtc&5\C. SKl^X^P L 
S (^xaW) (DSffi^ 5 2 mmlS L^HnT^ft 

v\ ^ ic *n, ^-r— w h (ommcmif z n/c^gp 

L B 0±5S(i&l? U^X^ P L OlTiSi<k 

fifoT, ^x/^gl^rcto^^cO^SXYX-r— i^3 4 

*&»2-eTSKU>X?SP L^IB^^XA^If 

[0052] *c"p*ia»ffm±, 0 7tc^-r^9tc4-> 

fcHHa«Ea«*F7»DB*»»fc D COttttK7ff 
DBti v «{*LQ3b<aEAStlT^KItt*h:H7 
(A) , (B) Oi5tefi»LBO«»)^*»*«[«3R 

SftBSn*i:. ^7 (A) *<0«B»O<fc3fc:BB<«fc3lc: 

aoT^*o to««K7»DBtt, m^MmvaM 

so Kjyi^-hgPHR SOSffiOifiS^^t? t>S z Ff5<^^<fc 
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[0 0 5 3] tt±©J:3&tt«fc:fc^T. *n>$*T— 7 
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BfKo XYXf->'3 4 *H 7 

^x^tiSKUVX^P LOitT^63l#Hi 

[0 0 5 4] J&mmte&tiiis *;Wf-7;i/WH© 

Mfe«/>Kl«:«fct>o/fc«^*So ft*?. Buffi^4 0 20 
*Kt«C)»J«Ofc:#JCtt. 9X/\^**y**rFR"rsfr 

[0 0 5 5] 

[* 6 onsseoomw] atH8 6 <omm 

t^TV^o *3i/N3*fEg"rS^a:/N^;l/^— 3 a tiT 

sas«7(ortst»ic»is?nri5^ t»s»7<d± 

«7<0£S«M:i»fc7 a fc£-DT^\CffircZtlT^ 30 

[0 0 5 6] Ta5SS7rtCDrl?K7 aO-»»H:, TSP 
gpggg 7 OttWffifcRW-fcttAn 4 <k t) TSPSfg 7 ICR 

[0057] coJOWt^ttt, TBStm7t±B 

ttLTl/>S 0 flKu »>x/N3^itZSL^:Tai5SSrt©a 
We*SJg»Tft<, »«*0»*0«nfcJ:«BE*» 

#t>*£Lftt,\, ra*>-5a»pf»©Eft»*a:. s»f* 
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Zo LfttfoT7- X£>XL<D?^T\ ± 
©»$7 aOJP^L7 0*^+^tc»<lgfiK-rsc4:^ 
[0 0 5 9] 

— *>^-f X£ VXli 1 — 2 mmi«i:»f>T/jN«l/> 
*xs\Wtc^£jKA«-et2;j-:7 - T^X^a 

fcLfco LfrLfttf&. M*l£*Btt*lF4, 80 1, 9 
7 7*§. *BH*ffF4 t 3 8 3, 7 5 7^Cp|^ht 

ft L T 7 * X*£fflffi<0 if- A^r ■> x/ N±fc tait U T 
^x/N^SO^ffiSXliffl^ffffl-rs T T L (X;l/ 

[0 0 6 0] m 1 fc*Lfc:7a— *X • T^<<* 

>h-tr>^— FADti, *7 • T^X^^X^W 

X^P L £^MLT*x^W±^V-^;£1£tfj-r30 1 

Kitjtt-rsai^jtt^RsaATv^tf, Ho<fc3ft«fig 

[0 0 6 1] 

[0 1 ] l oMMftc J:«j&^OfHniW 

[02] jfe*«3tto^-yyx*«^KiiiBB-r*fcft 
[03] 0i^^ts^b>x^<ta<oi¥Sfflft«^^*r 
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